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Abstract 
Container terminal operators have at their disposal several operational options for performing both the transfer and the handling 
of containers. Traditionally, the determinants of the choice of operating systems have been investigated almost exclusively from a 
technical point of view, while limited research has been performed in the area of the strategic determinants of such choice.  
This study tries to investigate the strategic determinants of the operating system choice from an empirical perspective. Special 
attention is paid to understanding in which measure restrictive and limiting labour regimes can explain the preference for 
emerging automated models or, more in general, for less labour intensive concepts. A sample consisting of 65 European 
container terminals is built. For each terminal taking part in the sample the major determinants of the operations concepts are 
quantified. The use of logistic regressions provides interesting insights on what strategically motivates the choice of an operating 
system with respect to another, in order to investigate and discuss important managerial and policy implications. 
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1. Introduction 
Container Terminals (CTs) make use of different Operating Systems (OS) for the management of the yard and of 
transportation of containers. The decision of what system to use is a strategic decision that is based on factors such 
as cost of land, available technology, economies of experience and the relative productivity of labour. With the 
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appearance of automation in CTs in the last two decades a new set of operational alternatives have become available 
to operators. If on the one side the pursuit of increasing efficiency and reducing labour cost has pushed CTs to 
investigate automation options, on the other side many CTs still prefer more traditional operational concepts as a 
result of system reliability and labour flexibility issues. These issues have been so far investigated almost exclusively 
from a technical point of view, making use of operation research methods and advanced modelling, but limited 
research has been performed in the area of the strategic determinants of the choice of terminal OSs. This is due to the 
fact that typically such choices are related to factors and issues that are difficult to research for the lack of data, e.g. 
the costs of land in ports, or given their sensitive nature, e.g. labour productivity in ports. Such determinants 
nonetheless have important consequences on the success of the CT and critical policy implications. Considering the 
increasing competition among European CTs and the critical role of container transport in sustaining the 
competitiveness of maritime supply chains, more empirical studies can provide substantial value to the debate on 
port policy and terminal management and contribute to the understanding of the rationale behind the choice of OSs, 
choice that in the end impacts the attractiveness of the CTs for port users. 
The present study empirically investigates the determinant factors behind the choice of the OSs adopted in 
European CTs. In particular, the study verifies the possibility of establishing an empirical relation between the 
labour regime existing in a CT, evaluated in terms of labour cost and labour regulation, and the preference for 
automated models or, more in general, for less labour intensive concepts. The use of multinomial regression 
techniques on a database comprising 65 European CTs provides interesting insights on what strategically motivates 
the choice of OSs, in order to investigate important managerial and policy implications.  
The paper is structured as follows: section 2 is a critical analysis of the existing OSs used in European CTs; 
section 3 describes the data used and the econometric model that is tested in the empirical section; section 4 
describes the model results and some managerial implications; section 5 concludes. 
2. Terminal Operating models 
 In choosing a certain OS a port operator has to decide among a variety of possibilities: manned or automated 
systems, Rubber Tyred Gantry cranes (RTG), Rail Mounted Gantry cranes (RMG), Straddle Carriers (SC), etc. A 
question arises: which factors are determinant for the decision of an OS rather than another? The decision of 
adopting a specific OS is strategic and it is based on various factors. This issue has been investigated almost 
exclusively from a technical perspective - a review is in Stahlbock and Voß (2008) - whereas there is a lack of 
studies regarding the strategic determinants that lead to this choice. Many factors can affect this choice; these factors 
may vary from terminal to terminal and even among CTs within the same port. Traditionally, the main determinants 
of the OS choice have been identified as space availability, stacking capacity and equipment costs. Extensive 
literature deals with these issues (Steenken et al. 2004, Vis and Harika 2004, Stahlbock and Voß 2008, Wiese et al. 
2011). Broadly speaking, in CTs where space is restricted or too costly, stacking capacity is a determinant factor in 
the OS choice. In these CTs, RTGs/RMGs are typically adopted because of their high stacking capacity. Whereas, in 
other CTs where space availability is not a problem, SCs are more popular because of their lower purchase cost and 
high flexibility. Within these general considerations, several handling systems can be adopted. Therefore, if at a first 
stage physical constraints related to space availability and yard capacity lead to exclude/include some handling 
options, in a second stage other determinants come into play in the choice of the most suitable OS. These 
determinants can range from the price of industrial lands to the labour regime existing in the area, from the typology 
of the operator who runs the CT to the nature of the traffic served. 
2.1. Common Terminal Operating Systems 
The right selection of the OS is a key factor for a successful CT. It is not possible to talk about a universal model 
that can adapt successfully to all CTs' configurations; conversely, there are different layouts and OSs that can fit 
better or worse depending on the various criteria and objectives that drive the CT's choice. Extensive literature 
describing OSs exists (see, among others, Brinkmann 2011, Gunther and Kim 2006). This section gives a short 
overview of the most common OSs adopted in European CTs. 
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Indirect Transfer System based on Rubber Tyred Gantry cranes – RTG System. It is a largely standardized system 
quite common on large and very large CTs. The Ship-To-Shore (STS) crane places the box on a Truck Trailer Unit 
(TTU) that transfers it to the storage area where the RTG, which moves on rubber-tyred wheels, stacks it in blocks. 
The RTG system is flexible in operations; it is space-efficient because of the high stacking capability (up to 7-high) 
and the block stacking (up to 8 rows plus a truck lane for TTUs), and it is fast in operations because long travelling 
distances are covered by TTUs. RTG system can achieve yard capacity of approximately 1000 TEU/ha. 2-3 RTGs 
and 4-5 TTUs are normally required per STS crane. 
Indirect Transfer System based on Rail Mounted Gantry cranes – RMG System. Unlike RTGs, RMGs travel on 
fixed rail-track with cantilever outside the portal of cranes. The RMG system provides fast operation and high-
density storage (stack up to 1 over 7-high and 12 containers wide) with yard capacity that can exceed 1000 TEU/ha. 
RMGs are easier to automate than RTGs, more durable and reliable with low maintenance costs; however they are 
more expensive to install and less flexible in operation because of the rail mountings (Brinkmann, 2011), with high 
disturbance of activities in case of equipment failures. 
Indirect Transfer System based on Reach Stackers/Fork Lifts (RS/FL) and TTUs – TTU System. In the TTU 
system the STS crane places the box on a TTU that transfers it to the storage area where RS/FLs stack it in blocks. 
In small CTs, when distances between quay and yard are really short, RS/FL can also perform horizontal 
transportation without requiring additional equipment. The TTU system because its versatility is the common choice 
for small and medium size CTs and for multi-purpose CTs. Its ease of use makes it a good choice for CTs with low-
trained workforce. 3-4 RS/FLs and 4-5 TTUs are typically required per STS crane. The RS/FL system allows 
storage capacity ranging from 350 to 500 TEUs/ha depending on the high-stacking. 
Direct Transfer System based on Straddle Carriers – SC System. The SC system combines the functionalities of 
stacking cranes and horizontal transport vehicles. SCs are able to directly access the container from the STS crane, 
transport it in the yard, lift it up (2/3-high, maximum 4), load/unload trucks or rail cars and move containers. 
Depending on the way used to transport containers between quay and yard, two different SC systems are defined: 
SC pure and SC relay systems. In the first system, the transfer of containers between quay and yard is performed by 
SCs, while in the second one by TTUs. SCs have features of high manoeuvrability, flexibility in operation and 
relatively high speed of movement. The SC system is quite common in medium-large CTs with high throughputs, 
when high flexibility and accessibility in the yard are required. When a CT adopts the SC system, the yard is 
normally arranged in long rows with boxes placed end to end and separated by traffic lanes, allowing a medium 
stacking density (500 TEUs/ha stacking 2-high, 750 TEUs/ha stacking 3-high). 4-5 SCs are normally required per 
STS crane. Thus, compared to other systems which use TTUs, labour cost in SCs system is lower because of the 
reduced number of vehicles deployed. 
Automated systems. Some new OSs present characteristics of full or partial automation of the yard. In these 
systems only STS cranes are manually operated; the horizontal transfer, the storage and retrieval of containers in the 
yard are performed in whole or in part by automated equipment. In CTs that make use of automated transport 
vehicles the transfer of containers between quay and yard can be performed through two types of automated 
equipment: Automated Guided Vehicles (AGV) and Automated Lifting Vehicles (ALV). The main difference 
between them is that the second ones are capable of lifting containers from the ground by themselves. Automated 
Stacking Cranes (ASC) are used to stack and retrieve boxes in the storage area. Depending on the level of 
automation, CTs can be Fully or Semi-automated. Fully automated systems typically use AGVs or ALVs for the 
horizontal transport of boxes and ASCs for the stacking of boxes in the yard. In semi-automated CTs only one of 
these operations is performed by unmanned equipment. Main advantages of automated OSs are identified in the high 
productivity of the horizontal transfer and in lower labour costs compared to traditional systems. On the other hand, 
such OSs are characterized by rigidity in operations, high investment and need for high-trained workforce. 
3. Data and Methodology 
3.1.  Data Description 
We have compiled a database with the technical characteristics, the throughput and a set of port and country 
specific indexes, aiming at summarising the specific characteristics of the terminal OSs. The sample includes 65 
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European CTs mainly located in the Mediterranean area and in the North-West area. The selected CTs are 
distributed across 26 major container ports and 12 European countries. The analysis focuses on CTs instead of 
container ports as important differences may occur even among CTs within the same port in terms of throughput, 
infrastructure, management and OS used; this is why single CTs seem more suitable for one-to-one comparison than 
whole ports (Cullinane et al. 2005, Wang et al. 2002). Data collected for each CT are divided into terminal 
variables and boundary variables. The variables collected are listed in table 1. 
Terminal variables concern demand and supply data of each CT, specifically: CT throughput (TEUs/year); CT 
capacity (maximum number of TEUs/year); transhipment share (calculated as a percentage of the total traffic 
volume handled by the CT); total yard area (sqm); berths length (m); number and typology of handling equipment.  
The information collected is mainly based on a combination of data deriving from official websites of CTs and 
secondary sources such as Containerisation International Yearbook (2012) and Dynamar reports (2011-2012). 
Afterwards, several CTs taking part in the sample have been approached directly in order to validate the information 
collected and to overcome the problems related to missing and inconsistent data.  
Boundary variables concern: labour regime existing in the CT area; port land cost and type of CT operator. Two 
variables are here used to describe the labour regime existing in the area: labour cost and rigidity of labour 
regulation. Given the lack of available and reliable direct data concerning labour cost applied in container ports, a 
proxy variable is used in this study; it is represented by the average hourly cost of labour on a country basis. This 
proxy is easy to find on annual European reports and statistics (Eurostat, 2011), whereas an index representing the 
rigidity of labour regulation on a country basis is derived from The Global Competitiveness Report 2012-2013 
(Schwab 2012). This index ranges from 1 to 8; lower values indicate strict labour regulation, higher values indicate 
more permissive regulation. With regard to the port land cost, there is a lack of homogeneous databases on Industrial 
land prices for European countries. To overcome the difficulties in obtaining data, we use the logistics prime rent (€ 
per sqm per annum) as a proxy for port land price, as determined in Jones Lang Lasalle studies (2012). For each CT 
analysed, port land values are referred to the city in which the CT is located or, when information on the specific 
city is not available, values of the nearest city are used in replacement. The typology of the CT operator may also 
heavily affect the choice of a specific OS. Nowadays, few port authorities directly operate their own CTs while an 
increasing number of them are acting as landlord ports, meaning that CTs are given in concession to other operators 
(Talley 2009, Van Hooydonk 2013). In particular, when dealers are Global Terminal Operators, corporate policies 
and capital availability may have a significant weight in the choice of the OS, since objectives and incentives may 
depend on the specific business strategies (Notteboom and Rodrigue 2012). In this application we distinguish among 
CTs run by Global Terminal Operators, National Operators and Joint Ventures.  
Table 1. Application variables. Source: own elaboration. 
Variable name Variable code 
Terminal Throughput THRU 
Terminal Annual Capacity CAPC 
Transhipment share TRAN 
Total Yard Area AREA 
Berths Length BERL 
Labour Cost LABC 
Labour Regulation LABR 
Port Land Cost  POLC 
Terminal Operator Type TERT 
3.2. Variability and other descriptive statistics 
The majority of the CTs of the sample are of small size (<1 MTEUs), about one third are classifiable as medium-
to-large size (1<MTEUs<3) and very few CTs handle more than 3 MTEUs/annum (Fig. 1a). With regard to the OS 
used, the SC system is the most common, exceeding 40% of the sample, followed by the RTG system (35%), all the 
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other systems do not reach the 10%. For what concerns the CT management, 60% of the CTs are run by a Global 
Terminal Operator, 25% by a National operator and the remaining 15% by a Joint Venture. The average labour cost 
is 25€/h but significant differences occur among CTs. The scatter plot in Fig. 1b shows the relation between 
throughput and labour cost for each CT. Different shapes and colours are used to depict the 65 CTs according to 
their OS. More descriptive statistics are in table 2 and the correlation matrix is in table 3. 
Table 2. Descriptive statistics of the variables analysed in the study. Source: own elaboration. 
Variable Unit Obs Mean Std.Dev. Min Max 
LABC €/h 65 25.48154 10.27489 3 39 
LABR Index 65 3.646154 2.387669 1 8 
POLC €/sqm 63 51.58413 14.14685 27 87 
BERL m 65 1432.077 799.7818 225 4680 
AREA sqm 65 677843.4 541461.1 75000 2853000 
CAPC TEU/year 65 1621908 1190530 200000 6000000 
THRU ‘000 TEU/year 64 1101.217 953.743 75000 5000000 
TRAN % 65 37.84615 24.81446 4 100 
Table 3. Correlation matrix. Source: own elaboration. 
 LABC LABR POLC BERL AREA CAPC THRU TRAN 
LABC 1.000        
LABR -0.746 1.0000       
POLC 0.117 0.050 1.000      
BERL    0.274 -0.228 0.126 1.000     
AREA    0.310 -0.235 0.218 0.886 1.000    
CAPC  0.196 -0.168 0.177 0.766 0.810 1.000   
THRU 0.095 -0.104 0.220 0.630 0.705 0.929 1.000  
TRAN -0.272 0.099 -0.383 0.262 0.112 0.266 0.227 1.000 
 
 
Fig. 1. (a) Terminal throughput; (b) Scatterplot: labour cost, terminal throughput and OS. Source: own elaboration. 
3.3. Model Description 
On the basis of the literature analysis with relation to the major determinants of terminal OSs, the following 
models have been proposed. All models aim at explaining the choice of one of the six OSs on the basis of the 
a) b) 
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characteristics of the CT or of the business environment where the CT operates. In order to test the model a 
Multinomial Logit (MNL) specification has been used, where the dependent variable is the Typology of Operating 
System, hereafter TOS, and the independent variables are the CT characteristics or the business environment 
characteristics previously described. A MNL model can be seen as the simultaneous estimation of binary logit 
models where all possible comparisons are taken into account. Assuming that our dependent variable, assume the 
categories D1, D2 and D3, and we have only one independent variable I either numerical or categorical, the effects of 
the independent variable on the dependent variable can be examined by estimating three binary logit models: 
 ቄ୔୰ሺୈభȁ୶ሻ
୔୰ሺୈమȁ୶ሻ
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The three logistic regressions include redundant information and the following equality must hold: 
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that implies that: 
ߚ଴ǡ஽భȁ஽మ െ ߚ଴ǡ஽యȁ஽మ ൌ ߚ଴ǡ஽భȁ஽య                                                                                                                                       ሺͷሻ 
ߚଵǡ஽భȁ஽మ െ ߚଵǡ஽యȁ஽మ ൌ ߚଵǡ஽భȁ஽యሺ͸ሻ 
For a dependent variable with J categories, J-1 logit comparisons need to be estimated. 
As previously discussed, the categorical variable TOS counts 6 categorical values, one for each OS observed in 
the sample. Since SC-operated CTs are the majority in our sample, they are used as a baseline OS. The relations 
between variables advanced in the model aim at explaining the choice of categorical value in TOS as a function of 
the CT throughput (THRU), a labour cost index (LABC), the percentage of transhipment (TRAN), a labour 
regulation index (LABR), the global scope of the CT operator (TERT), the CT total surface (AREA), the port land 
cost (POLC), the berth length (BERL). As it is often the case in multinomial models, it is important to obtain the 
right specification of the model as well as to account for the significance of the selected values. As the goodness of 
fit (GOF) for MNL models does not provide an index such as R2, various alternatives have been presented in the 
literature. In this analysis we will make use of index introduced by McFadden (1974) also referred to as pseudo R2. 
The pseudo R2 has the advantage of being a quite well established measure of GOF for logistic regression and, 
although other alternatives have been proposed (Cox and Snell 1989; Tjur 2009; Nagelkerk 1991), the pseudo R2 has 
the advantage of being rather intuitive. Since logistic regressions are calculated maximising the likelihood function, 
if we indicate with L0 the estimated likelihood of a model with no predictors, and with LM the estimated likelihood of 
the model being estimated, the McFadden pseudo R2 is given by the formula:  
ܴெ௖ிଶ ൌ ͳ െ
୪୬ሺ௅ಾሻ
୪୬ሺ௅బሻ
ሺ͹ሻ  
Since typically the analysis of logit models requires the investigation of nested models, i.e. models whose 
specifications are contained in a model with a higher number of independent variables, the logarithm of the 
likelihood provides a useful indicator in assessing the gains obtained by adding independent variables. 
The combinations of variables tested using a logistic regression, are listed in table 4. Further models were also 
analysed, but on the basis of the results and the meaningfulness of the relations, the discussion on the model results 
will be based only on the 18 models listed in the table 4. 
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Table 4. List of model specifications and Goodness of fit (GOF) for models specified. Source: own elaboration. 
Specification Independent Variables Log Likelihood pseudo R2 Obs 
1 THRU LABC TERT TRAN POLC LABR BERL -28.158 0.6756 62 
2 THRU LABC TERT TRAN POLC LABR  -38.256 0.5592 62 
3 THRU LABC TERT TRAN LABR LABR  -42.617 0.5211 64 
4 THRU LABC TERT TRAN    -49.267 0.4464 64 
5 THRU LABC TERT     -51.893 0.4169 64 
6 THRU LABC TRAN     -53.639 0.3973 64 
7 THRU LABC POLC     -54.194 0.3756 62 
8 THRU LABC LABR     -52.998 0.4045 64 
9 THRU LABC BERL     -51.545 0.4208 64 
10 THRU LABC AREA     -52.051 0.4151 64 
11 THRU LABC TRAN BERL    -43.398 0.5123 64 
12 THRU LABC TRAN BERL AREA   -38.735 0.5647 64 
13 THRU LABC TRAN AREA    -46.568 0.4767 64 
14 THRU LABC      -56.481 0.3653 64 
15 AREA LABC      -58.729 0.3478 65 
16 LABC CAPC      -56.036 0.3777 65 
17 CAPC LABC BERL     -53.308 0.4080 65 
18 CAPC TRAN LABC     -52.633 0.4155 65 
 
4. Model Results: determinants of terminal operating models.  
A summary of the GOF of the 18 models tested is provided in table 4. In addition to the log of the likelihood and 
the pseudo R2 an important parameter in the analysis is the significance of the coefficients. From the 18 models 
tested it turned out that the number of significant coefficients decreases dramatically when the number of 
explanatory variables is 4 or above. Therefore those models that had more than 3 variables were excluded. Among 
the models with 3 variables the one that explains the choice of OS using THRU, LABC and BERL appears to have 
the highest GOF. 
The model results are specified below. Considering the way logistic regressions outputs are estimated, it might be 
valuable to look at the significance of the coefficients also using other categories as baseline. Table 5 summarises 
the coefficients for the significant variables at 95%. 
 
Throughput 
The variable accounting for the different throughput (THRU), expressed in 1000 TEU, appears to be the best fit 
among capacity (CAPC) and the surface of the CT (AREA). The data seem to suggest that the throughput influences 
the choice between automated and semi-automated CTs and RMG. Larger CTs end to favor automation. For the 
other OSs, the size of the CT does not seem to be relevant. These conclusions should be looked at with care, 
considering the limited number of automated and semi-automated CTs in existence today. A careful interpretation 
should be given to the coefficients b. As commonly in multinomial logistic regressions the b coefficients are 
logarithms of the odd ratios. This implies that if the coefficient is negative, the ratio between the probability of 
alternative 1 on the probability of alternative 2 is smaller than one. This indicates that the probability of alternative 1 
is smaller than the probability of alternative 2. So from the table 6 an increase in the throughput would increase the 
probability of fully automated CTs to RMG- or semi-automated CTs. 
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Table 5. Coefficients and significance. Source: own elaboration. 
TOS Variable Coef. Std. Err. z p>|z| 
SCp (base outcome) 
 THRU -.0021 .002507 -0.82 0.412 
TTU LABC -.0269 .1180854 -0.23 0.820 
 BERL -.0033 .0023252 -1.43 0.153 
 Constant 3.7726 3.686461 1.02 0.306 
 THRU -.0050 .0003060 1.64 0.101 
Fully Automated LABC .3555 .4364361 0.81 0.415 
 BERL -.0060 .0046321 -1.29 0.197 
 Constant -13.9546 13.97629 -1.00 0.318 
 THRU -.0018 .0001544 -1.18 0.238 
RMG LABC* -.3055 .1014796 -3.01 0.003 
 BERL .0010 .0008915 1.12 0.264 
 Constant* 6.2848 2.758903 2.28 0.023 
 THRU -.00046 .0000006 -0.73 0.468 
RTG LABC* -.3237 .0820208 -3.95 0.000 
 BERL .0002 .0006842 0.33 0.744 
 Constant* 8.4367 2.383842 3.54 0.000 
 THRU -.0021 .0000014 -1.44 0.151 
Semi-Automated LABC* -.2230 .0916934 -2.43 0.015 
 BERL .00076 .0007897 0.96 0.337 
 Constant* 5.2808 2.77747 1.90 0.057 
 
Table 6. Significant log odd ratio coefficients for the variable Throughput - THRU. Source: own elaboration. 
Odds comparing alternative 1 to alternative 2 b z p>|z| 
Fully automated - RMG 0.00685 1.994 0.046 
Fully automated - Semi automated 0.00711 2.095 0.036 
RMG - Fully automated -0.00685 -1.994 0.046 
Semi-automated - Fully automated -0.00711 -2.095 0.036 
 
 
Labour Costs 
    Interesting results are observable from the variable LABC. In this case it appears that TTU-operated CTs would 
be preferred to RMG- or RTG-terminals in case of an increase of the labour cost. It should be stressed that the 
LABC variable provides an indication of the labour cost in the country, and therefore can only be considered as a 
proxy of the labour cost in a CT. An increase in the cost of labour would favour TTU-operated CTs to RMG- and 
RTG-operated CTs. The increase in the cost of labour favours SC-operated CTs to RMG-, RTG- and semi-
automated CTs. SC-operated systems require in general less manpower than RTG- or RMG-operated CTs. On 
average, for every STS crane, a SC-operated system requires 4 or 5 operators, while RMG and RTG systems needs 6 
to 8. We would have expected that automated CTs are also favoured as labour costs increase. This is not supported 
by the data and might be the result of the strong unionisation of the labour force in those countries where labour is 
 
 
* Significant at 5%. 
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expensive. This would in principle prevent the shift towards automated CTs, but the limited amount of observations 
does not offer conclusive evidence on the issue. Further details are presented in table 7. 
Table 7. Significant log odd ratio coefficients for the variable Labour Cost - LABC. Source: own elaboration. 
Odds comparing alternative 1 to alternative 2 b z p>|z| 
TTU - RMG 0.27855 2.062 0.039 
TTU - RTG 0.29679 2.441 0.015 
RMG - TTU -0.27855 -2.062 0.039 
RMG - SCp -0.30546 -3.010 0.003 
RTG - TTU -0.29679 -2.441 0.015 
RTG - SCp -0.32371 -3.947 0.000 
Semi-automated - SCp -0.22304 -2.432 0.015 
SCp - RMG 0.30546 3.010 0.003 
SCp - RTG 0.32371 3.947 0.000 
SCp - Semi automated 0.22304 2.432 0.015 
 
Berth length 
The variable BERL does not appear to have significant coefficients at 5%. Its inclusion in the regression model 
though improves the significance of the other variables. 
 
Other variables 
It is expedient to discuss the results of the other models, which were not selected and look at the significance of 
the other variables that do not appear in the model. On the basis of the 18 models tested, Throughput (THRU), 
capacity (CAPC) and surface (AREA) appear to provide very similar results. They tend to be significant only in 
explaining the choice for CTs where a certain degree of automation is present.  
   The variable LABR, on a simple model accounting only for THRU and LABR, is significant for the comparisons 
between RMG and SCs and RTG and SCs; indicating that an increase in labour regulation (a decrease in the LABR 
variable) favours RMG and RTG systems against SC systems. This seems to confirm the intuition that heavily 
regulated markets will tend to favour less labour-intensive OSs. 
   The variable POLC, does not appear to be significant at all. This might be the result of the fact that CT operators 
have very special leasing agreements that do not reflect the overall land costs.  
The TERT variable distinguishing on the scope of the CT operator (global, national or joint venture) does not 
seem to be explanatory to the difference between CTs. This could be explained by the accessibility of various 
technologies in Europe by all type of operators, independently of whether they are multinationals or not. This might 
be different in less developed areas of the world.  
The variable TRAN is also in general of limited significance. In a simple model with THRU the coefficient of 
TRAN is only significant in explaining the odds of RMG- or semi-automated-CTs to SC-CTs, implying that an 
increase in transhipment, would favour RMG and semi-automated CTs against SCs.  
5. Conclusion 
The paper tested empirically the claim that terminal OSs are influenced by the business environment where the 
CT is built. On the basis of a sample of 65 European CTs, it has emerged that some of the determinants identified in 
the literature, such as labour costs or size of the CT have a great influence on the CT structure. In particular, the 
increase in the cost of labour favours SC-operated CTs to RMG, RTG and semi-automated CTs. In fact, SC-
operated systems are less labour-intensive than RTG or RMG CTs. We would have expected that automated CTs 
were also favoured as labour costs increase. This was not supported by the data and might be the result of the strong 
unionisation of the labour force in those countries where labour is expensive. This would in principle prevent the 
shift towards automated CTs, but the limited amount of observations does not offer conclusive evidence on the 
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issue. It appears nonetheless that the effects of other variables, such as the influence of the percentage of 
transhipment traffic or labour regulation have weaker support in the data. With regard to the influence of labour 
regulations on the OS choice, the LABR variable was significant only for the comparison of RMG with SC systems 
and of RTG with SC, on a simple model accounting for THRU and LABR; this indicates that a stricter labour 
regulation favours SC systems (less labour-intensive) against RMG and RTG systems. This seems to confirm the 
intuition that heavily regulated markets will tend to favour less labour intensive systems.  
The application described is among the first attempt to empirically analyse the strategic determinants of the OSs 
used in European CTs. Despite research might suffer from the limited availability of data concerning some variables 
considered, the study performed is relevant for the CT area as it contributes to the understanding of the rationale 
behind the choice of OSs, choice that in the end impacts the attractiveness of the CTs for port users. 
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